Conservation of the vertebrate body plan has been attributed to the evolutionary stability of gene-regulatory networks (GRNs). We describe a regulatory circuit made up of Gata2, Fli1, and Scl/Tal1 and their enhancers, Gata2-3, Fli1؉12, and Scl؉19, that operates during specification of hematopoiesis in the mouse embryo. We show that the Fli1؉12 enhancer, like the Gata2-3 and Scl؉19 enhancers, targets hematopoietic stem cells (HSCs) and relies on a combination of Ets, Gata, and E-Box motifs. We show that the Gata2-3 enhancer also uses a similar cluster of motifs and that Gata2, Fli1, and Scl are expressed in embryonic day-11.5 dorsal aorta where HSCs originate and in fetal liver where they multiply. The three HSC enhancers in these tissues and in ES cell-derived hemangioblast equivalents are bound by each of these transcription factors (TFs) and form a fully connected triad that constitutes a previously undescribed example of both this network motif in mammalian development and a GRN kernel operating during the specification of a mammalian stem cell.
H
ematopoietic stem cells (HSCs) represent the best-characterized adult multipotent stem cell population, with the availability of a plethora of markers and biological (clonogenic and transplantation) assays to identify long-term repopulating HSCs and distinguish them from multipotent progenitors with only limited self-renewal potential (1) . Transcriptional regulation is a key mechanism controlling the formation and subsequent behavior of HSCs (2) . Both gain and loss of function studies have identified a number of transcription factors (TFs), including Scl/Tal 1 (3, 4) , Gata2 (5) and Runx1 (6, 7) , as critical regulators of HSC development. Significantly, disruption of many of these TFs contributes to the pathogenesis of hematological malignancies, emphasising the importance of transcriptional regulation in both normal and leukaemic stem cells.
Biological complexity does not correlate with gene number but rather with the intricacy of gene regulation (8) . Enhancers and other cis-regulatory elements play a central role in the coordinated expression of genes and a number of tissue-specific regulatory elements of key HSC TFs, such as Scl and Gata2, have been identified (9) (10) (11) (12) (13) . However, it is clear from studies in nonvertebrate model organisms, such as Drosophila and the sea urchin, that to comprehend developmental processes, it is necessary to move beyond the study of individual genes and determine how regulatory genes interact to form functional gene regulatory-networks (GRNs) (reviewed in ref. 14) .
Comprehensive analysis of the sea urchin endomesoderm GRN showed that they consist of assemblies of subcircuits made up of TF genes and their target cis-regulatory modules, with each subcircuit performing a distinct regulatory function during development (15) . The linkages of these subcircuits are highly recursive with each cis-regulatory module receiving inputs from multiple TFs that make up the subcircuit. Subcircuits that perform essential functions in building body parts have been termed the kernels of the GRN (16) . Disruption of TFs that make up the kernel often results in loss of the body part, and hence the basic architecture of kernels is highly conserved through evolution (16) .
Scl, Gata2, and the Ets factor Fli1 are required for normal hematopoiesis in mice (reviewed in ref. 17) and are expressed in avian hematopoietic clusters (18) and hematopoietic mesodermal precursors in frog and zebrafish embryos (19, 20) . In this article we describe a GRN kernel composed of Gata2, Fli1, and Scl, and their respective cis-regulatory modules. Using transgenic mice and in vivo ChIP assays of embryonic hematopoietic tissues, we demonstrate that this GRN kernel operates during key stages of mouse HSC specification in the aorta-gonad-mesonephros (AGM) region and in the midgestation fetal liver (FL).
Results

The Fli1؉12 Hematopoietic Enhancer Targets Long-Term Repopulating
Blood Stem Cells in the Embryo. We have previously established that the Fli1ϩ12 enhancer directs lacZ expression to blood and endothelium in F 0 transgenic embryos (21) . However, it was not known whether the Fli1ϩ12 enhancer targeted expression to HSCs per se. To evaluate the in vivo activity of the Fli1ϩ12 enhancer in detail, we established stable transgenic lines (L5760 and L5754) with founders generated using a 500-bp fragment of the human FLI1ϩ12 locus cloned downstream of the SV minimal promoter and lacZ reporter (SV/lacZ/FLI1 ϩ 12 in Fig. 1Ai ). Whole-mount analysis of gastrulating embryonic day-7.5 (E7.5) embryos showed expression of the transgene in the region of extraembryonic mesoderm that characterizes primitive hematopoiesis in the early yolk sac (compare Fig. 1 Aiii with Fig. 1 Aii). This finding is consistent with expression in hematopoietic tissues and the vasculature during later stages of development ( Fig. 1 A iv-xiii) .
To establish whether the Fli1ϩ12 enhancer-targeted expression to FL HSCs, we first characterized the surface phenotype of FL cells targeted by the SV/lacZ/FLI1ϩ12 transgene. One of every 5.7
CD150
ϩ /CD48 Ϫ /CD41 Ϫ FL cells gives long-term multilineage reconstitution in irradiated mice (22) . FL cell suspensions were prepared from E12.5 embryos and stained with the fluorescent ␤-galactosidase substrate, fluoro-deoxy-D-glucose (FDG). As shown in Fig. 1B Fig. 1Bi with Fig. 1Biii) . Moreover, cells targeted by the transgene show a relative paucity of lineage-committed CD150 Ϫ /CD48 Ϫ /CD41 Ϫ cells (compare Fig.  1Bii with Fig. 1Biii ). We next performed in vitro colony assays to establish multilineage potential of lacZ-negative and lacZ-positive cells. As shown in supporting information (SI) Table 1 , lacZpositive cells were enriched for myeloid and erythroid colony forming cells. However colony assays do not identify true HSCs. We therefore performed long term reconstitution experiments by using irradiated adult mice as recipients.
E12.5 FL cell suspensions from SV/lacZ/FLI1ϩ12 transgenic embryos were stained with FDG, and two sorting regions were set according to the relative levels of lacZ expression. Varying numbers of sorted FDG ϩ and FDG Ϫ cells were infused into irradiated recipient mice with 2 ϫ 10 5 nontransgenic splenocytes to provide short-term radioprotection. Donor cell engraftment was examined 6 months after transplantation by analyzing recipient peripheral blood by PCR for the donor lacZ transgene. The cumulative results from two experiments demonstrated that the lacZ transgene was detected more than 6 months after transplant in Ϸ1/3 of recipient mice (5 of 15) transplanted with 10 4 FDG ϩ cells (SI Table 2 ). By contrast, the donor lacZ transgene was detected in zero of eight recipients transplanted with 1 ϫ 10 5 FDG Ϫ cells and in one of five recipients transplanted with 5 ϫ 10 5 FDG Ϫ cells. To determine whether transplantation of FDG ϩ FL cells resulted in multilineage hematopoietic engraftment, hematopoietic tissues and purified cells from all reconstituted recipients were analyzed by semiquantitative PCR for the lacZ transgene. The hematopoietic tissues of the reconstituted recipients contained 10-100% donor derived cells (data not shown). Taken together, these data demonstrate that the SV/lacZ/Fli1ϩ12 construct targets the majority of FL HSCs capable of long-term multilineage reconstitution.
Ets and Gata Binding Motifs in the Fli1؉12 HSC Enhancer Are Required for Its Activity. We have shown previously that clusters of highly conserved Ets and Gata sites are critical for the activity of early hematopoietic regulatory elements of the Scl and Lyl1 genes (17, 23) . Clustering of Ets and Gata sites [two Ets and one Gata site with defined spacing and orientation constraints constitutes the Ets/Ets/ Gata (E/E/G) signature] can be exploited in genome-wide computational screens to identify new hematopoietic stem/progenitor elements (21, 24) . The Fli1ϩ12 enhancer ( Fig. 2A) has, in addition to the E/E/G (E5/E4/G1) signature, another six highly conserved Ets sites, an additional partially conserved Gata site, and an E-box (the consensus binding site for the Scl). We have previously shown that deletion of an 89-bp core (ϩ11,430/ϩ11,521) that includes the E/E/G signature abolished enhancer activity (21) . To establish the relative contribution of the various conserved Ets, Gata, and E-box motifs, mutations were introduced individually and in combination, and the activity of the enhancer was tested in 416B hematopoietic progenitor cells (Fig. 2B) . The activity of the WT and mutant constructs was expressed relative to that of the pGL2promoter vector containing the SV minimal promoter.
Interestingly, mutating E4/E5 (Ets sites that are part of the Sclϩ19 signature) abolished enhancer activity, whereas mutating E2/E3 or E6/E7 which are equally conserved had no effect. Likewise, mutating the highly conserved GATA site G1, abolished enhancer activity, whereas mutating G2 alone had no effect. Significantly, although mutation of the partially conserved GATA site G2 and the E-box individually had no effect, loss of both reduced activity of the enhancer by Ϸ1/3.
Transgenic reporter analysis (Fig. 2C ) of mutant FLI1ϩ12 elements confirmed that binding sites within the ⌬FLI1ϩ12 region are also required for in vivo activity of the enhancer. Mutating E4/E5 resulted in complete absence of blood/endothelial/ endocardial activity. Possibly owing to a degree of compensation, mutating G1 or G2/E-Box sites resulted in mild/moderate staining of the dorsal aorta (DA) and FL in a proportion of embryos. The staining, however, was considerably less than in WT embryos (compare sections in Fig. 1 A with SI Fig 6) .
Genome-Wide Computational Analysis Groups the Gata2-3 Region
Together with the Fli1؉12 E/E/G Regulatory Element. Using the number of conserved Ets, Gata, and E-box motifs within the in vivo validated Fli1ϩ12 hematopoietic enhancer as a gauge, we performed a series of genome-wide computational screens for related elements (SI Tables 3 and 4) . Interestingly, all four screens returned a region 3 kb upstream of the Gata2 IS promoter as a potential match. This Gata2-3 region contains the 5H region of the 3.1-kb Gata2-EHRD promoter fragment previously shown to be sufficient and necessary for Gata2 expression in the hemogenic DA (9) . Activity of this element has been solely attributed to conserved Gata sites, but its grouping with the Fli1ϩ12 enhancer in screens for elements with multiple Ets, Gata, and E-Box motifs suggested that these other conserved sites could also be functionally important.
Ets Binding Motifs Are Indispensable for Gata2-3 Enhancer Activity.
The 5H region (Ϫ3,097 to Ϫ2,762) of the Gata2-3 enhancer (Fig.  3A ) has previously been shown to target reporter gene activity to the caudal DA, the site of origin of HSCs in the embryo, and this activity depends on the Gata binding motifs G1, G2, G4, G5, and G6 (9) . Interspersed with these conserved Gata motifs are a number of conserved Ets and E-box motifs (Fig. 3A) . This configuration is similar to that of the Sclϩ19, Fli1ϩ12, and Hhexϩ1 enhancers, which are regulated by a combination of Ets factors and Gata2 in hematopoietic progenitors in vivo (17, 21) . To examine the relative importance of these Ets and E-box motifs, a fragment corresponding to the murine Ϫ3,126/Ϫ2,631 enhancer was PCR amplified from human DNA and subcloned upstream of the SV minimal promoter in the luciferase reporter, pGL2p. Mutations were introduced individually and in combination and tested in stable transfections of 416B hematopoietic progenitor cells (Fig.  3B ). Site-directed mutagenesis of individual Ets sites E1 and E7 had little effect on the overall activity of the enhancer, whereas mutation of E2 and E5 and of the E-box reduced activity by Ϸ1/3. Mutation of E2-E6 within the core of the enhancer was sufficient to abolish enhancer activity.
To evaluate the role of the Ets binding motifs in vivo, the Gata2-3 enhancer fragment was cloned upstream of the SV minimal promoter (Gata2-3/SV/lacZ in Fig. 4A ) in a lacZ reporter vector and tested in F 0 transgenics. Transgenic expression in the caudal DA was seen in four of eight transgenic embryos (Fig. 4B i-iii) . In contrast, zero of six transgenic embryos generated with a GATA2 fragment with targeted mutations in E2-E6 Ets binding motifs (mEts Gata2-3/SV/lacZ) showed reporter activity in the DA (Fig.  4 A and B iv-vi) .
The full-length 3.1-kb Gata2-EHRD promoter fragment directs reporter activity to neural and hematopoietic tissues in the embryo (9) . The 496-bp Gata2-3 enhancer fragment, together with a heterologous promoter (SV minimal promoter), also directs reporter activity to neural tissues (Gata2-3/SV/lacZ in Fig. 4 A and Ci). In contrast, transgenic embryos generated with the mutant transgene that lacks E2-E6 Ets sites (mEts Gata2-3/SV/lacZ in Fig.  4A ) show no activity in the midbrain (Fig. 4Cii) . Therefore the Ets sites within the 5H region are required for both hematopoietic and midbrain activity of the Gata2-3 enhancer. Furthermore, the neural activity of this enhancer is remarkably similar to that of the Scl promoter proximal enhancers 1a and 1b, which are also regulated by Ets and Gata TFs (Fig. 4Ciii) (11) .
In Vivo Expression Analysis and Enhancer Occupancy Are Consistent with a Recursively Wired Regulatory Network. During mouse development, the first long-term reconstituting HSCs are thought to be generated from the floor of the DA in the AGM region at E10.5. These putative HSCs are recognized as blood clusters and are thought to originate from the aortic endothelium or the underlying mesenchyme. HSC numbers are subsequently amplified in the FL and other sites (reviewed in ref. 25) . Using in situ hybridization, we demonstrate that Scl, Gata2, and Fli transcripts are all present in hematopoietic intra-aortic clusters located within the floor of the DA, in the aortic endothelium, and in FL cells at E11.5, consistent with their essential roles in hematopoiesis (Fig. 5A) . As expected, : ------------------------------------------------------------------------------ the expression patterns of Gata2, Fli1, and Scl were not identical. For example, only Scl was expressed in the majority of circulating blood cells in the DA and FL and corresponds with Scl (but not Gata2 or Fli1) expression in erythroid progenitors, which constitute the dominant blood cell type at E11.5. However, coexpression in DA endothelium and blood clusters was consistent with the crossregulation suggested by our transgenic analysis of mutant enhancer constructs described above.
To correlate transgenic in vivo enhancer activity with in vivo TF occupancy, ChIP experiments were performed with well characterized antibodies (see SI Materials and Methods for details) by using dissected midgestation DA and FL, as well as with hematopoietic progenitor (416B) and endothelial cell lines (MS1) (Fig. 5B ). In the dissected hematopoietic tissues, Gata2, Fli1, and Scl were enriched 1-to 8-fold at the Gata2-3, Fli1ϩ12, and Sclϩ19 enhancers relative to Scl ϩ21 (a region that has no known enhancer activity). All three TFs were enriched at least 2-fold at each of the three HSC enhancers in either AGM region or FL cells. It is important to note that although HSCs are enriched at these sites, not all cells within the dissected tissues are HSCs. TF enrichments at Gata2-3, Fli1ϩ12, and Sclϩ19 in clonal blood progenitor (416B) and endothelial (MS1) cell populations are shown for comparison.
Following differentiation, ES cells in culture form colonies known as embryoid bodies (EBs) that contain mesodermal (Brachyury ϩ ) progenitors that display both blood and endothelial potential [blast colony-forming cell (BL-CFC)] (26) . This transient population (day 2.5-4 of differentiation) represents the in vitro equivalent of the yolk-sac hemangioblast. The ES/EB model system has been applied to an ES cell line with GFP targeted to the Brachyury locus (GFP-Bry ES) (27) . By sorting day 3-3.5 EBs based on GFP and Flk1 expression, it is possible to identify three distinct cell populations, GFP Ϫ Flk1 Ϫ (DN), GFP ϩ Flk1 Ϫ (SP), and GFP ϩ Flk1 ϩ (DP) that represent a developmental progression ranging from premesoderm (DN) to prehemangioblast mesoderm (SP) to the hemangioblast (DP). The expression of Gata2, Fli1 and Scl is dramatically up-regulated in cells with hemangioblast potential (Fig. 5C ). To assess TF binding at the HSC enhancers, ChIP assays were performed on day-3 EBs. All three TFs were enriched at least 2.5-fold at each of the three enhancers relative to a control region, Scl ϩ21 (Fig. 5D) .
Taken together, these data are consistent with a recursively wired gene regulatory subcircuit that operates during the specification of HSCs in the embryo (Fig. 5E ).
Discussion
The basic body plan has undergone little evolutionary change since the early Cambrian (Ϸ540 million years ago) (16) . This remarkable conservation has been attributed to the evolutionary stability of GRN kernels that specify various body parts. The heart-field specification kernel that is used in both Drosophila and vertebrates (28) [protostomes and deuterostomes split Ϸ700 million years ago (29) ] and the endomesoderm specification kernel common to sea urchin and starfish (who last shared an ancestor Ͼ500 million years E7  E1  E3  E5  E4  E6   SV-luc  E7  E1  E3  E5  E4  E6   SV-luc  E7  E1  E3  E5  E4  E6   SV-luc  E7  E1  E3  E5  E4  E6   SV-luc  E7   E2   E2   E2   E2   E2   E2  E1  E3  E5  E4  E6   EB   EB   EB   EB   EB   EB   mGata2 -3 ----------------------------------------------------------------------------- Results of stable transfection assays in 416B cells corresponding to each construct. The luciferase activities are given as the fold-increase over the activity of the pGL2-promoter vector (SV-luc) alone. ago) (15) , display conservation of core subcircuits surrounded by network linkages that are not conserved (16) . On the basis of sequence conservation of the cis-regulatory modules and requirement for the TFs in specifying definitive hematopoiesis, the GRN kernel that we describe in this manuscript has probably existed since the divergence of Actinopterygii (zebrafish) and Mammalia Ϸ400 million years ago (29) and is possibly older, because several key components that regulate hematopoiesis have been conserved between mammals and Drosophila through Ϸ700 million years of evolution. Drosophila Gata factor, Serpent, plays a central role in committing mesodermal cells to a hemocyte fate and is the functional homologue of murine hematopoietic Gata factors, Gata1, -2, and -3 (30) . Drosophila pointed regulates the number of circulating hemocytes in larvae (31) and is the prototype of the pointed domain-containing subfamily of Ets proteins of which Fli1 is a member. A Drosophila Scl homologue (HLHB3) exists, but its role in hematopoiesis has not as yet been rigorously evaluated (32) . The development of HSCs from the hemogenic endothelium is a Notch 1-regulated event and is impaired in Notch 1-deficient mouse embryos (33) . Notch 1 and Gata2 are coexpressed in endothelial cells lining the floor of the aorta at E10.5, and Notch 1 binds the Gata2 promoter and acts as an upstream regulator of Gata2 expression during the onset of definitive hematopoiesis in the embryo (33, 34) . Therefore, as a functionally relevant upstream regulator of Gata2 expression, Notch 1 is a potential initiator of the circuit (Fig. 5E) . In zebrafish embryos, Notch 1 is a component of a signaling cascade that involves Hedgehog and Vegf and is required to specify the DA and blood stem cells (35, 36) . Bmp4 transcripts are also concentrated along the ventral aspect of the DA in E11.5 embryos (24) . The Gata2 promoter responds to Bmp4 signaling (37) , which also initiates Fli1-expression in Xenopus, and as such Bmp4 is another candidate initiator of the circuit (Fig. 5E) . Lineage-labeling studies in Xenopus have demonstrated that the dorsal lateral plate (DLP) mesoderm gives rise to both the DA and clusters of cells attached to the floor of the DA that probably represent HSCs and express Gata2, Scl and Xfli1. Bone morphogenetic protein (BMP) signaling is required for dorsal lateral plate (DLP) formation, and disruption of BMP signaling results in loss of Xfli1 and Scl expression (38) .
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We have previously reported that Gata2 and Fli1 regulate Scl and Fli1 expression during fetal hematopoiesis by binding the Sclϩ19 and Fli1ϩ12 enhancers respectively (17, 21) . We now show that Scl also binds and regulates both enhancers. Gata2 was known to regulate the Gata2-3 enhancer during hematopoiesis (9) . Our data show that Fli1 and Scl also bind the Gata2-3 enhancer and regulate its activity. The recently identified Gata2 intronic endothelial enhancer (39) has a cluster of Gata, Ets, and E-Box motifs and consistently grouped together with the Gata2-3 haematopoietic enhancer in our genome-wide computational analysis (SI Table 4 ). Pending investigation of the Gata sites, full activity of the Gata2 intronic endothelial enhancer was shown to rely on Ets and E-Box motifs with binding of a Scl-E12 heterodimer to the E-Box motif in vitro (39) . The Sclϩ19 element does not have an E-Box motif, but Scl is enriched at this element in FL cells and in blast colony-forming cells (BL-CFCs). It is pertinent to note that protein complexes, which include Scl, Lmo2, and Gata3, have been shown to bind DNA through a GATA site alone (40) and that the E-Box motif in the Gata-E-Box composite element within the Ϫ3.7-kb HS1 Gata1 enhancer is dispensable for in vivo binding of the Gata1/Scl/Lmo2/ Ldb1/E2A complex (41) . Taken together, it is likely that Notch and/or Bmp initiate Gata2 and Fli1 expression, which then autoregulate and combine to initiate Scl. These three factors can then maintain expression of each other in HSCs after Bmp and Notch signaling ceases.
Large integrated transcriptional networks are made up of recurring patterns of smaller recognizable network motifs and the structure of these motifs have been described in Escherichia coli and Saccharomyces cerevisiae (42) . The GRN kernel in blood/endothelial progenitors conforms best to a fully connected triad (also known as a clique) that is rare in lower organisms. Furthermore, if, as our data show, all of these interactions are positive, then the Gata2/Fli1/Scl triad would show a tendency to be locked into an ON state (Fig. 5E ). As such, the fully connected triad would have the ability to endow a newly specified HSC with ''memory'' so that it retains pluripotency when it leaves the AGM niche (where it likely receives Notch/Bmp signals that initiate the circuit) and transits to the FL and eventually the bone marrow niche. Steady-state kinetics of individual TFs, threshold concentrations at which they trigger expression, and the requirement for combinatorial binding could all be factors in this circuit reaching equilibrium in HSCs. Interestingly, Gata1 has been shown to disrupt Gata2-positive autoregulation by binding precisely to the Gata2-3 region and mediating domain-wide chromatin remodeling (43) . This Gata switch has been proposed as a mechanism of abrogating Gata2 expression in HSCs and inducing differentiation. This and other mechanisms probably operate in HSCs to unlock the Gata2/Fli1/Scl triad when necessary during cell differentiation. It is salient to note that, although the fully connected triad is very rare in prokaryotic networks (where these motifs have been systematically studied), it may be used in metazoan transcriptional networks to ''hardwire stemness'' into stem cells. The TFs Oct4, Sox2, and Nanog play key roles in maintaining pluripotency of ES cells, and the promoters of these genes in ES cells are bound by all three factors in vivo (44) . These genes and their promoters potentially represent another example of a fully connected triad, but all of the regulatory inputs would first need to be validated using appropriate transfection and transgenic assays.
Switching on the Gata2/Fli1/Scl triad could be a prerequisite for specifying HSCs. Once established, the circuit could maintain expression of its component TFs, which in turn would then be at hand to regulate other genes that are required for hematopoiesis and to interact with gene differentiation batteries that specify the various hematopoietic lineages.
Materials and Methods
In Silico Identification of Clusters of Conserved Binding Sites. Clusters of conserved TF binding sites were identified using TFBScluster as described in ref. 21 .
Reporter Constructs. Candidate enhancer sequences were PCR amplified from human genomic DNA. Mutations were generated by PCR using oligonucleotides with mismatches and verified by DNA sequencing (SI Materials and Methods and ref. 13 ).
Transgenic Analysis and Histology. F 0 transgenic mouse embryos were generated by pronuclear injection of lacZ reporter fragments (13) . In situ hybridizations were performed using digoxigeninlabeled riboprobes and detected with an alkaline phosphataseconjugated antidigoxigenin antibody (45) .
Cell Transfection and Analysis. For 416B stable transfections, 10g of linearized plasmid DNA and 1 g of linearized pGK neo were co-electroporated. Transfected cells were selected at 24 h by adding 500 g/ml G418 and were assayed 2 weeks later (17) .
FACS. Single-cell suspensions of E12.5 FLs (L5760 ϫ WT) were stained and analyzed as in SI Materials and Methods and ref. 13 . FDG ϩ and FDG Ϫ live cell populations were sorted for in vitro colony and transplantation assays (10, 13) .
In Vitro Colony Assays. Sorted E12.5 FL cells were counted and cultured in cytokine supplemented Methocult GF-3434 for erythroid and myeloid colony formation (10) . See SI Materials and Methods for details.
Transplantation Assays. Sorted E12.5 FL cells were counted, suspended in PBS, and injected into the tail vein of 3-to 5-month-old irradiated (CBA ϫ C57Bl/6) F 1 mice along with 2 ϫ 10 5 nontransgenic splenic cells for radioprotection (10) . See SI Materials and Methods for details.
ES Cell Culture and Analysis. Bry-GFP ES cells were maintained and differentiated as described in ref. 27 . See SI Materials and Methods for details.
